Summary.-From a multiple-regression analysis of prognostic factors and survival in a series of 387 patients with primary breast cancer, a prognostic index has been constructed, based on lymph-node stage, tumour size and pathological grade. This index is more discriminating than lymph-node stage alone, and enables a larger group of patients to be identified with a very poor prognosis.
MANY STUDIES of prognostic factors in breast cancer have been reported in the literature. In some of these, only one factor has been studied in isolation. In others, more than one factor has been investigated by breaking the data down into subgroups, each having the same combination of factors. If more than 3 factors are being studied the number of possible subgroups becomes large and the numbers of patients in each subgroup diminishes correspondingly (Myers et al., 1966) . To overcome this problem some form of multivariate analysis can be used to deal with the simultaneous effect of several factors on prognosis (Myers et al., 1966; Freedman et al., 1979; Alderson et al., 1971; Wallgren et al., 1976) , and the multiple regression technique described by Cox (1972) has been used in a number of cancer studies (Wilkinson et al., 1979; Gehen et al., 1976; Palmer et al., 1980; Lanzottie et al., 1977) . It can make use of all the data from a group of patients having a wide range of follow-up times, and is a powerful technique which makes no assumptions about the form of the survival curve. It has been used to obtain the results reported below.
In Histological grade (I to III) was determined by a method based on the criteria of Bloom & Richardson (1957) . Cellular reaction was scored in 4 categories as described by Black et al., (1955) . The absence or presence of sinus histiocytosis in lymph nodes was scored 1 and 2 respectively, whilst cases where all available lymph nodes were completely replaced by tumour were scored zero. RE content was assayed by the method described by Maynard & Griffiths (1979) and tumours were classified as RE + if they contained > 5 fmol specific oestradiol binding per mg cytosol protein.
A group of 387 patients for each of whom all these factors were recorded has been used for the main analysis. The 113 patients excluded were accounted for by 69 with no RE result, 10 with no cell-reaction score, 11 with non-invasive cancer (i.e. intra-duct or Paget's), and 23 excluded for a variety of reasons such as previous cancer of the breast, operation not being a simple mastectomy, inadequate clinical details and no follow-up at all.
Following the previous work on a prognostic index (Blamey et al., 1979) a decision was made, after the first 250 patients had been entered in the main study, that patients in the poor-prognosis group (Stage C, size > 2 cm, Grade II or III) would be given adjuvant chemotherapy. This policy continued until Patient 370 in the main series, but was discontinued thereafter. Fifteen of the 387 patients were given adjuvant chemotherapy during this period, and it was necessary to take this into account in the analysis.
The first patient in the series was treated just over 6 years before the time of analysis, the last patient just over 1 year before. With this length of follow-up available, it was decided to use survival time as a measure of the outcome of treatment.
To assess the relative importance of the prognostic factors, a series of analyses using the method due to Cox (1972) has been carried out. The simplest use of the method, as reported in this paper, assumes a "proportional hazards" model; i.e., that the relative contribution of each factor to the risk of dying remains constant over the period covered. A more detailed analysis (Freedman & Haybittle, in preparation) using timedependent variables has shown that in this particular set of data there are no significant departures from such a model.
The Cox method is a multiple regression technique which allows each variable to be evaluated independently, taking into account the effects of all other variables. The coefficients (/3 values) produced by the analysis show how much each factor contributes to the hazard, which is inversely related to survival. A positive value of : therefore indicates a poorer survival time as the given variable increases. Table I shows the coding used for the various prognostic factors in our analysis. Survival curves have been calculated using the life-table method with the time divided into 6-monthly intervals.
RESULTS
These are first presented for the analyses made on the group of 387 patients in whom all the factors were recorded. One patient who died from a road traffic accident without recurrence 4 months after treat- 
A prognostic index
The coefficients produced by the Cox analysis can be used to derive a prognostic index for each patient (Palmer et al., 1980) . Only the 3 prognostic factors found to be significant in Table II have The larger the value of I, the worse the prognosis for that patient.
We have investigated the application of this index in a subset of the data which excluded the period during which poorprognosis patients were treated with adjuvant therapy. 298 cases, in which all factors were recorded, were available from Patients 1-250 and 371-500 in the main series, and the results presented below apply to survival in this group. The index was computed for each patient, and the patients then arranged in order of decreasing values of I. Fig. 1 shows the survival curves for these subgroups (dashed lines) together with those for subgroups containing the same numbers of patients but selected according to their I value (viz. the 154 with the lowest values, the 49 with the highest values and the 95 in between). It is evident that I gives a better discrimination. The 49 patients with the highest I value do worse than the 49 Stage C patients, and the separation between the best and the worst prognostic groups is greater.
Our second comparison was with our earlier criteria for poor prognosis, namely Stage C, size > 2 cm, Grades II or III. Twenty-five patients in the group satisfied these criteria, and their survival is compared in Fig. 2 with those of the 65 patients with the highest I values. The 2 curves are almost identical, and the new index was thus able to identify a larger group of poor-prognosis patients.
It was also of interest to look at a group of 64 patients with the lowest I values. Their survival is also shown in Fig. 2 , and compared with the expected survival in a normal population of the same age distribution. It can be seen that patients with I values < 2-8 constituted a very good prognosis group.
Lastly we have examined the performance of the new index as a predictor of 5-year survival. 137 patients were treated at least 5 years before the assessment date, and their status at 5 years in the 3 index ranges used for the graphs of Fig. 2 are given in Table III .
DISCUSSION
The index derived has selected out 2 groups of patients; 1 with an exceedingly poor prognosis, the other with an apparently very good prognosis. If the index is used to predict 5-year disease-free survival. Table III Table II were non-significant but greater than 1 0), were incorporated in the index, the changes from the results shown in Figs 1 & 2  and Table III were only marginal.
In the past we have demonstrated RE content to be a significant prognostic factor in Stage B and C patients (Bishop et al., 1979; Blamey et al., 1980) . RE is not a significant factor in the current analysis because it is strongly correlated with tumour grade (Maynard et al., 1978; Elston et al., 1980) . When the Cox analysis was repeated with tumour grade excluded, the coefficient for RE content was -0523 and had a significant Z of 2-47. Thus, in the absence of reliable histopathological assessment of tumour grade, RE would give useful prognostic information and could be used to build an index:
wvhere RE is coded as in Table I .
The day-to-day use of our size, stage and grade index may be cumbersome because of the calculation involved. The factors for stage and grade are similar and, if these are both made equal to unity and the multiplying factor for size scaled up accordingly, we can arrive at a simpler index of the form: I = 0-2 x size + stage + grade. This simpler index gives very similar results to those obtained with the more complex formula. For example, the curves in Fig. 2 The values of the coefficients found in our analysis are such that they obtain the best discrimination on the particular set of data from which they are derived, since they give the best fit of the model to the data. The performance of the index might be different on another set of data, and we therefore plan to study its effectiveness in the patients admitted to the Nottingham Breast Cancer Study from Patient 501 onwards.
The estimation of prognosis in the individual is clearly important for determining her treatment and follow-up, for example in making decisions regarding adjuvant chemotherapy. It is equally important at the present time in the evaluation of therapies by controlled trials, where proper stratification of patients might be greatly improved by the application of indices based on a number of significant factors, each given their appropriate weight.
